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GRAPHICAL VIDEO EDITING SYSTEM FOR 
REGENERATION OF BITSTREAMS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to the ?eld of video editing systems, 
and in particular to a system for debugging video encoders 
and decoders. 

2. Description of the Related Art 
Digital video devices require the use of image compres 

sion. JPEG, MPEG, and DVD are related compression 
standards for image compression Which make storage of 
images and image sequences feasible. They all share some 
common techniques, such as dividing the image into 8x8 
square blocks of pixels, compressing the blocks using the 
discrete cosine transform, grouping the blocks into 
macroblocks, grouping the a macroblocks into slices, and 
grouping the slices into an image. The MPEG and DVD 
standards also include provisions for encoding images rela 
tive to other images in an image sequence for greater 
compression. 

Digital video products such as DVD, JPEG, and MPEG 
encoders/decoders are data stream processing devices, i.e. 
they operate on a sequential stream of data. The data streams 
being operated on are encoded With one or more levels of 
data compression. The testing and debugging of the sophis 
ticated encoding and decoding algorithms can take an enor 
mous amount of effort due to the sheer number of rule 
situations that can arise and the range of valid (and invalid) 
input data streams that may be generated and decoded. In 
general the testing methods involve authoring a library of 
test inputs, and then running the library through the device. 
These tWo steps are typically performed separately in dif 
ferent environments. When errors are found, the debugging 
process typically involves searching for commonality 
betWeen test inputs that reveal the errors to determine the 
characteristics of the errors. NeW test inputs may then be 
created to further de?ne and locate the cause of the error. 
This process is arduous and lengthy. A system Which pro 
vides feedback for the adjustment of the test inputs to 
provide fast, interactive debugging Would greatly enhance 
productivity by reducing the time and effort necessary for 
testing. 

SUMMARY OF THE INVENTION 

The problems outlined above are in large part solved by 
a graphical video editing system that alloWs manipulation of 
images for input to the video encoding and decoding pro 
cess. The debugging of video encoders and decoders is aided 
by user controlled editing of problem areas in test images, 
and the graphical video editing system is coupled directly to 
the video encoder or decoder being debugged so that the 
effects of the editing can be immediately observed. This 
system may advantageously eXpedite the debugging process 
by simplifying the detection of problem areas and providing 
a fast method for narroWing the possible causes of image 
?aWs. 

Broadly speaking, the present invention contemplates a 
graphical video editing system for regeneration of bit 
streams. The system comprises an encoder module, a 
decoder module, a display editor module and a display. The 
encoder module is con?gured to receive an input image and 
to convert the input image into an encoded bitstream. The 
encoder module is coupled to provide the encoded bitstream 
as an input bitstream to the decoder module, Which is 
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2 
con?gured to convert the input bitstream into a decoded 
image. The display editor module is coupled to receive the 
decoded image from the decoder module and shoW it on the 
display. The display editor module is further con?gured to 
receive an image edit for the decoded image. The system 
may further comprise a bitstream manager module coupled 
to the display editor module to receive the decoded image 
and the image edit. The bitstream manager module is 
con?gured to responsively provide an edited image as the 
input image to the encoder module. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects and advantages of the invention Will 
become apparent upon reading the folloWing detailed 
description and upon reference to the accompanying draW 
ings in Which: 

FIG. 1 illustrates a general purpose computer Which is 
con?gurable as a graphical video editing system; 

FIG. 2 illustrates an internal architecture for the general 
purpose computer shoWn in FIG. 1; 

FIG. 3 is a functional block diagram of a graphical video 
editing system; 

FIG. 4 illustrates an editing interface implemented by a 
display editor module shoWn in FIG. 3; 

FIG. 5 illustrates a testing interface implemented by a 
display editor module shoWn in FIG. 3; 

FIG. 6A—6D illustrate a result comparison function imple 
mented by a display editor module shoWn in FIG. 3; 

FIG. 7A—7C illustrate a sequence conteXt function imple 
mented by a display editor module shoWn in FIG. 3; 

FIG. 8 is a block diagram of the partial display function 
for debugging an encoder; and 

FIG. 9 is a block diagram of the partial display function 
for debugging a decoder. 

While the invention is susceptible to various modi?ca 
tions and alternative forms, speci?c embodiments thereof 
are shoWn by Way of eXample in the draWings and Will 
herein be described in detail. It should be understood, 
hoWever, that the draWings and detailed description thereto 
are not intended to limit the invention to the particular form 
disclosed, but on the contrary, the intention is to cover all 
modi?cations, equivalents and alternatives falling Within the 
spirit and scope of the present invention as de?ned by the 
appended claims. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Turning noW to FIG. 1, a general purpose computer 100 
is shoWn. General purpose computer 100 comprises a case 
102 coupled to a keyboard 104 and a monitor 106. Case 102 
includes a test card 108 and one or more information storage 
devices 110 Which use one or more storage media 112. 

General purpose computers are knoWn in the prior art, but 
general purpose computer 100 is distinguished by its func 
tionality as a graphical video editing system. 
The internal architecture of general purpose computer 100 

is shoWn in FIG. 2. The general purpose computer 100 
comprises a CPU (central processing unit) 120 coupled to a 
memory 122 via a local bus 124. The local bus is also 
coupled to a video card 132 Which controls display 106. A 
bus bridge 126 couples an I/O bus 128 to the local bus 124. 
The U0 bus 128 is coupled to various I/O (input/output) 
devices including the keyboard 104 via a keyboard interface 
130, the test card 108, and the information storage device 
110. 
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After placing a storage medium 112 holding software 
modules (described further beloW) in information storage 
device 110, a user uses keyboard 104 to instruct CPU 120 to 
transfer the softWare modules from storage medium 112 to 
memory 122 and thereafter to begin execution of the soft 
Ware modules. The softWare modules cooperate With one or 
more of the hardWare elements of the system to provide a 
graphical video editing system for the debugging of video 
encoders and decoders. 

Turning to FIG. 3, a functional block diagram of the 
graphical video editing system is shoWn. It is noted that each 
of the modules of FIG. 3 may be implemented in hardWare 
or softWare, but for illustrative purposes the folloWing 
discussion assumes a softWarebased implementation. The 
system comprises an image source 202, a display editor 
module 204, a bitstream manager module 206, an encoder 
module 208, a decoder module 210, a display 212, a source 
of image edits 214, and a bitstream source 216. The display 
editor module 204 receives a source image from image 
source 202 and shoWs it on display 212. The source image 
is sent via bitstream manager module 206 to encoder module 
208. Encoder module 208 encodes the image into a bitstre 
anL The decoder module 210 receives the bitstream and 
decodes it into a decoded image Which is forWarded to the 
display editor module 204. The decoder module 210 can also 
decode a source bitstream from bitstream source 216 and 
forWard the decoded image to display editor module 204. 
Any of the images received by the display editor module 204 
can be shoWn on display 212. In response to the images 
shoWn on the display, image edits 214 may be provided to 
the display editor module 204 Which forWards them With the 
image to bitstream manager module 206. Bitstream manager 
module 206 combines the edits With the image to form a neW 
input image for encoder module 208. 

The image source 202 is typically an archive of stored 
images and image sequences, but it may also take the form 
of a video camera or computer graphics generator. The 
display editor module 204 is a graphical user interface Which 
accepts images and image edits, Which initiates encoding/ 
decoding processes, and Which facilitates interactive debug 
ging by shoWing and alloWing editing of decoded images. 
The bitstream manager module 206 may be similar to the 
system disclosed in US. patent application 08/38,798 issued 
Nov. 11, 1999, Pat. No. 5,983,022 titled “A method for 
managing data streams for comprehensive veri?cation of 
circuits, devices and systems,” ?led Apr. 10, 1997, Whose 
inventors are Daniel Watkins, Sobha Varma, and Shat Mar. 
This application is incorporated herein by reference in its 
entirety. As a module, it provides an infrastructure for the 
handling and manipulation of images in a compressed 
format. The bitstream manager module 206 can operate on 
raW image data, but it can also operate on condensed pro?les 
Which represent image data and thereby achieve faster and 
more ef?cient processing. Use of bitstream manager module 
206 for editing images provides additional speed gain in the 
debugging process. 

The encoder module 208 has more than one embodiment. 
When the graphical video editing system is being used to 
debug a decoder chip, the encoder module 208 comprises a 
softWare model of an encoder running on CPU 120. When 
an encoder chip is being debugged, the encoder module 208 
comprises the encoder chip. The encoder chip is placed on 
or coupled to test card 108 in general purpose computer 100, 
Where it can receive image data produced by bitstream 
manager module 206 running on CPU 120. The encoder chip 
is typically comprised of encoder stages, and often includes 
provisions for providing intermediate results. As is dis 
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4 
cussed further beloW, either the intermediate results or the 
encoded output bitstream from the encoder chip may be 
forWarded for further processing. 

Similarly, the decoder module 210 has more than one 
embodiment. When the graphical video editing system is 
being used to debug a decoder chip, the decoder module 210 
comprises the decoder chip. The decoder chip is placed on 
or coupled to test card 108 in general purpose computer 100, 
Where it can receive an encoded bitstream from encoder 
module 208 running on CPU 120. The decoder chip is 
typically comprised of decoding stages, and often provisions 
are made for providing intermediate results. As is discussed 
further beloW, either the intermediate results or the decoded 
image may be forWarded for further processing. When an 
encoder chip is being debugged, the decoder module 210 
comprises a softWare model of a decoder running on CPU 
120. 

Typically, many source images Will be stored in a com 
pressed bitstream format to conserve space. Hence the 
graphical video editing system has provisions for accepting 
source bitstreams from bitstream source 216. The source 
bitstreams can be processed directly by decoder module 210 
to generate decoded images as shoWn in FIG. 3. Alternately, 
the source bitstreams may be processed by bitstream man 
ager module 206 under control of display editor module 204. 
This latter method may provide some advantages in the 
image modi?cation portion of the debugging effort. 
The functions of the display editor module 204 are noW 

discussed. Turning to FIG. 4, display 212 shoWs a screen 
302 having a decoded image 304, a selected area 306, and 
edit menu 308. The display editor module provides an 
editing function Which alloWs modi?cation of a source or 
decoded image. Decoded image 304 exhibits a decoding 
?aW in selected area 306. Examples of ?aWs are noise, 
residual color from previous images, shadoWing, and tear 
ing. A user Wanting to experiment With the image to further 
resolve the problem may edit the selected area of the image 
using the options on edit menu 308. These include manual 
editing, substitution, and auto-generation. The user may also 
re?ne his selection of the area using an area option. 
The manual editing option alloWs manual manipulation of 

the selected area. This may include altering colors and 
adjusting intensities of pixels, blocks, macroblocks, or 
slices. The substitution option alloWs selection of a library 
video element to be substituted for the selected area of the 
image or for the selected area of a sequence of images. The 
auto-generation option alloWs the computer to generate a 
substitution for the selected area according to user speci? 
cations. The user may specify a library element, de?ne a 
pattern, program an object Which moves, or make any 
combination of these. The area option alloWs the user to 
determine the addresses, data values, and hierarchy level of 
the selected area. The hierarchy level indicates Whether the 
selected area represents a block, a macroblock, or a slice of 
the picture. The area option provides sub-options including 
a grid-overlay to determine boundaries of the various hier 
archy levels. Other overlays are possible, including overlay 
on another image With highlighted, colored, or expanded 
differences betWeen the images. The differences are ?rst 
determined, then the image in that area is draWn With 
increased intensity, a speci?ed color, or With the differences 
increased in magnitude. Another sub-option includes Zoom 
ing into an area of the image and scanning the image at the 
increased Zoom. Yet another option includes Zooming out so 
that several images are simultaneously available and can be 
compared. 

Turning noW to FIG. 5, screen 302 is shoWn With a test 
menu 502. Auser looking for bugs in an encoder or decoder 
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can use the options on this menu: run, step, halt on error, and 
de?ne error. The run option causes the (possibly edited) 
image or sequence of images to be sent through encoder 208 
and decoder 210 to generate a decoded image or sequence of 
decoded images. The step option causes a sequence of 
decoded images to be displayed on the screen at a sloW rate, 
eg one image every ?ve seconds. The halt on error option 
causes the display of a sequence of decoded images to stop 
at the ?rst image containing a detected error. The de?ne error 
option causes the computer to specify the address, data value 
and hierarchy level of the detected error. Image encoding 
parameters such as the search range for macro blocks in the 
inter-frame coding may also be provided by the computer. 
The user can set parameters to aid in the detection of errors, 
and these include a location range, a qualitative delta 
threshold, and an image match threshold. The eXpected 
location range for a given pattern can be speci?ed, and if the 
computer does not detect the pattern in the eXpected location 
range, an error is detected. A qualitative measurement of 
image quality can be made on an image, and if the mea 
surement eXceeds the threshold, an error is detected. A 
reference image for a selected area can be compared against 
the selected area of an image, and if a difference betWeen the 
images eXists and eXceeds a certain threshold, an error is 
detected. Even if an error is not detected, these values may 
be provided to the user in response to the selection of an area 
of the image. 

Turning to FIGS. 6A—6D, four screens Which may be 
shoWn on display 212 are shoWn. Display editor module 204 
alloWs the user to toggle betWeen images that result from 
different runs through the encoder module 208 and decoder 
module 210. FIG. 6A represents the original decoded image 
With the detected ?aW. Altering the encoding method, e.g. 
choosing a neW search parameter or slice siZe, may result in 
a second decoded image that has a variation of the ?aW as 
shoWn in FIG. 6B. The original source image may be called 
up for comparison as shoWn in FIG. 6C. Modifying the 
image sequence, e.g. removing relative motion betWeen the 
images may largely eliminate the ?aW as shoWn in FIG. 6D. 
The user may noW revieW What has been learned about the 
?aW by toggling through these images and thereby narroW 
the range of possible causes. 
As shoWn in FIGS. 7A—7C Which represent screens that 

may be shoWn on display 212, the display editor module 204 
also alloWs the user to vieW adjacent images in the sequence 
and compare them. For images of reasonable siZe, the three 
images may be vieWed simultaneously on one screen, in a 
“super-Zoom-out” mode. Alternatively, data characteriZing 
the three images may be shoWn. The display editor module 
204 can detail the image types (such as I, P, or B), the siZe 
of the bitstream representations, the compression ratio, the 
qualitative delta measurement, and an image matching mea 
surement for each of the images. The hierarchy levels, data 
values, and addresses of the selected areas can be provided 
by the display editor module 204. The display editor module 
204 also alloWs comparisons betWeen the images. FIG. 7A 
represents an I image (an independently compressed image), 
FIG. 7B represents a B image (a bi-directionally interpolated 
image betWeen FIGS. 7A and 7C), and FIG. 7C represents 
a P image (an image predictively encoded relative to FIG. 
7A). 

Turning noW to FIG. 8, the graphical video editing 
system’s provisions for the display of partially encoded data 
are illustrated. Under control of display editor module 204, 
bitstream manager module 206 provides a source image to 
encoder module 208. The encoder module 208 includes an 
encoder ?rst stage 802 and an encoder last stage 804. The 
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6 
bitstream provided by the encoder last stage 804 is decoded 
by decoder module 210 and the resulting completely hard 
Ware encoded image may be shoWn by display editor 
module 204 on display 212. Partially encoded data from an 
intermediate point betWeen the encoder ?rst stage 802 and 
the encoder last stage 804 is obtained from encoder module 
208, and may be displayed in byte form by display editor 
module 204 on display 212. Alternatively, a softWare imple 
mentation 806 of the encoder last stage may be used to 
complete the encoding of the partially encoded data. In this 
case, the resulting bitstream is processed by decoder module 
210 and shoWn by display editor module 204 on display 212. 
A comparison of this image With the completely hardWare 
encoded image can then be made. 

FIG. 9 shoWs the graphical video editing system’s pro 
visions for the display of partially decoded data. A source 
bitstream is provided to the decoder module 210, Which 
includes a decoder ?rst stage 902 and a decoder last stage 
904. The completely hardWare decoded image provided by 
decoder last stage 904 is shoWn by display editor module 
204 on display 212. Partially decoded data from an inter 
mediate point betWeen the decoder ?rst stage 902 and the 
decoder last stage 904 is obtained from decoder module 210, 
and may be displayed in byte form by display editor module 
204 on display 212. Alternatively, a softWare implementa 
tion 906 of the decoder last stage may be used to complete 
the decoding of the partially decoded data. In this case the 
resulting image is shoWn by display editor module 204 on 
display 212. Acomparison of this image With the completely 
hardWare decoded image can then be made. 
Numerous variations and modi?cations Will become 

apparent to those skilled in the art once the above disclosure 
is fully appreciated. For example, this method may be 
applied to generaliZed data streams rather than simply 
bitstreams as described. It is intended that the folloWing 
claims be interpreted to embrace all such variations and 
modi?cations. 
What is claimed is: 
1. A graphical video editing system for regeneration of 

bitstreams, Wherein the system comprises: 
an encoder module con?gured to receive an input image 

and to convert the input image into an encoded bit 
stream; 

a decoder module con?gured to receive an input bitstream 
and to convert the input bitstream into a decoded 
image, Wherein the encoder module is coupled to 
provide the encoded bitstream as the input bitstream to 
the decoder module; 

a display editor module coupled to receive the decoded 
image from the decoder module and con?gured to 
receive an image edit for the decoded image; 

a display coupled to the display editor module, Wherein 
the display editor module is con?gured to shoW the 
decoded image on the display; 

a bitstream manager module coupled to the display editor 
module, Wherein the display editor module is con?g 
ured to provide the decoded image and the image edit 
to the bitstream manager module, Wherein the bitstream 
manager module is con?gured to responsively provide 
an edited image as the input image to the encoder 
module. 

2. The graphical video editing system of claims 1, Wherein 
the display editor module is con?gured to receive a source 
image as a decoded image. 

3. The graphical video editing system of claim 1, Wherein 
the decoder module is con?gured to receive a source bit 
stream as an input bitstream. 
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4. The graphical video editing system of claim 1, wherein 
the encoder module includes an encoder ?rst stage and an 
encoder last stage, and Wherein the encoder module is 
con?gured to provide partially encoded data from an inter 
mediate point betWeen the encoder ?rst stage and the 
encoder last stage. 

5. The graphical video editing system of claim 4, Wherein 
the display editor module is coupled to receive the partially 
encoded data and con?gured to shoW the partially encoded 
data in byte form on the display. 

6. The graphical video editing system of claim 4, Wherein 
the partially encoded data is coupled to a second encoder last 
stage Which is con?gured to responsively produce an output 
bitstream, and Wherein the decoder is coupled to receive the 
output bitstream and convert the output bitstream into the 
decoded image. 

7. The graphical video editing system of claim 1, Wherein 
the decoder module includes a decoder ?rst stage and a 
decoder last stage, and Wherein the decoder module is 
con?gured to provide partially decoded data from an inter 
mediate point betWeen the decoder ?rst stage and the 
decoder last stage. 

8. The graphical video editing system of claim 7, Wherein 
the display editor module is coupled to receive the partially 
decoded data and con?gured to shoW the partially decoded 
data in byte form on the display. 

9. The graphical video editing system of claims 7, Wherein 
the partially decoded data is processed by a second decoder 
last stage Which responsively provides the decoded image to 
the display editor module. 

10. The graphical video editing system of claim 1, 
Wherein the image edit is a selected video element from a 
video element library. 

11. The graphical video editing system of claim 1, 
Wherein the image edit is a computer generated pattern. 

12. The graphical video editing system of claim 1, 
Wherein the decoded image is one of a sequence of decoded 
images, and Wherein the display editor module is con?gured 
to search for ?aWs in each of the decoded images in the 
sequence. 

13. The graphical video editing system of claim 1, 
Wherein the display editor module is further con?gured to 
provide an editing function to a user. 

14. The graphical video editing system of claim 13, 
Wherein the editing function comprises a selection option 
that alloWs the user to select a portion of the decoded image 
as it is displayed on the display, and Wherein the image edit 
corresponds to a userselected portion of the decoded image. 

15. The graphical video editing system of claim 13, 
Wherein the editing function comprises a manual editing 
option that alloWs the user to adjust at least one of a color 
or an intensity of at least one piXel, block, or macroblock of 
the decoded image displayed on the display. 

16. A system for testing video encoders, Wherein the 
system comprises: 

a CPU; 

a display coupled to the CPU to shoW decoded images; 

a memory coupled to the CPU and con?gured to store a 
set of softWare modules, Wherein the CPU is con?gured 
to execute the set of softWare modules; 

a video encoder to be tested; and 
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a bus coupled to the CPU and the video encoder, and 

con?gured to transfer image data from the CPU to the 
video encoder and encoded bitstream data from the 
video encoder to the CPU; 

Wherein the set of softWare modules eXecuted by the CPU 
includes: 
a decoder module con?gured to receive the encoded 

bitstream data and to convert the encoded bitstream 
data into a decoded image; 

a display editor module coupled to receive the decoded 
image from the decoder module and con?gured to 
shoW the decoded image on the display, and further 
con?gured to receive an image edit for the decoded 
image; and 

a bitstream manager module coupled to the display 
editor module, Wherein the display editor module is 
con?gured to provide the decoded image and the 
image edit to the bitstream manager module, Wherein 
the bitstream manager module is con?gured to 
responsively provide an edited image as the image 
data to the video encoder. 

17. A system for testing video decoders, Wherein the 
system comprises: 

a CPU; 
a display coupled to the CPU to shoW decoded images; 
a memory coupled to the CPU and con?gured to store a 

set of softWare modules, Wherein the CPU is con?gured 
to execute the set of softWare modules; 

a video decoder to be tested, Wherein the video decoder is 
con?gured to receive encoded bitstream data and to 
responsively provide decoded image data; and 

a bus coupled to the CPU and the video decoder, and 
con?gured to transfer encoded bitstream data from the 
CPU to the video decoder and decoded image data from 
the video decoder to the CPU; 

Wherein the set of softWare modules eXecuted by the CPU 
includes: 
an encoder module con?gured to receive an input 

image and to convert the input image into the 
encoded bitstream data; 

a display editor module coupled to receive the decoded 
image data from the video decoder and con?gured to 
shoW a decoded image on the display, and further 
con?gured to receive an image edit for the decoded 
image; and 

a bitstream manager module coupled to the display 
editor module, Wherein the display editor module is 
con?gured to provide the decoded image and the 
image edit to the bitstream manager module, Wherein 
the bitstream manager module is con?gured to 
responsively provide an edited image as the image 
data to the encoder module. 

18. The system for testing video decoders as recited in 
claim 17, Wherein the video decoder is further con?gured to 
receive encoded bitstream data from a bitstream source. 

19. The system for testing video decoders as recited in 
claim 17, Wherein the display editor module is further 
con?gured to halt the video decoder and to shoW a last 
decoded image on the display if a decoding error is detected. 

* * * * * 


